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Large - Size CaF2 Single Crystal for Next - Generation Lithography Lens 

K&iji Swtniya AX "fe > ^ *y h/O** Nachi'miMhii S&nguUuvan 
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The design rule of semiconductors has come down Lo 90 nm node and will further 
turn into 65 nm and 45 nm nodes, for which <111> and <100> oriented calcium fluoride 
(CaFa) single crystals are crucial. CaF* which excels synthetic quartz (SiOs) in 
transmittance in the vacuum ultraviolet region has been attracting attention in the 
semiconductor lithography field as a lens material to achieve high resolution. In order to 
meet the demand for this application, mass production of large-size single crystals has 
become a problem. We have developed a new efficient production technology by 
examining the crucible structure, optimizing the growth and annealing condition with 
the support of simulation analysis, and also optimizing the raw materials and proper 
scavenger. This technology can afford <111> or <100> oriented CaFs single crystals of 
more than 240 mm diameter with a yield of 95% or more. 
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DDI CaF*m«iA<7>^*£AS&lfc#!I CaF.JWa»l*MK:»aftU. * 

Rg. 1 INustrallon of polycrystal generation during CaFz growth 

CaFz becomes polycrystal! ine easily and the perimetric section has more 
grain parts than the interior of the crystal. 




El 2 CaMU6A0>flBfcj££^tifcO&& Cal^tSAoaJBHftfBaa&ft 
fifcgfct <110> ^0>:*fei=&9flM]fif'fte. 

Rg. 2 Preferential orientation of CaFz single crystal growth 

Spontaneous nucleated growth of CaFz single crystal tends to orient in the 
direction close to <110> . 
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| Fig. 3 Effect of crucible cone angle on 
| crystal quality 

The cone angle of the crucible affects the 
shape of the interface between solid and 
liquid; about 120° is suitable to avoid 
1 1 poiycrystalllnity. 
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j t«o 

I Rg. 4 Appearance of CaFc single crystals 
j before and after application of the newly 
:l developed crucible technology for single 
I crystal growth 

The developed technology will reduce the 
! adhesion of CaFa to the crucible; the growth 
j efficiency will improve sharply. 
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Fig. 5 Optimization of the growth 
temperature conditions in the furnace by a 
simulation method 

The simulation results practically 
conformed to the actual measurement The 
method will be effective in the setup of growth 
MeMMMM^M conditions. 
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' Bg. 6 Effect of the scavenger on optical 
trans mittance of CaFz single crystals 

In order to carry out Impurity exclusion 
::|;:tl||||ll:!: during crystal growth, the scavenger is used; 

a high transmrttance crystal is obtained by 
the selection of suitable raw materials and a 
lilllil proper scavenger. 
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| Fig. 7 <1 1 1 > <1 1 0> <1 00> CaFz single 
I. crystals grown by the developed growth 
jj technology (upper as-grown crystals, lower 
| observation between crossed nicol) 

The developed growth method suits the 
; growth of crystals along the direction of 
I <111> <110> or <100>, and can grow the 
| single crystals having a diameter of more 
j than f 240mm with yield of 95% or more. 
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I C<ioo> MfcCaFkHLIMU ttftftXtt 

|4M#rOT»tt, xy^fcf* hU^C 

| Fig. 8 Development of low-stress high 
\ efficiency growth method C (100) CaF* 
| single crystal) 

Compared with the conventional method, 
I newly developed method wlO sharply reduce 
I the stress, average birefringence and etch pit 
! density in the crystal, resulting in excellent 
I quality crystals. 
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Fig. 9 Reduction of the Birefringence of 
>; <1 00> CaF2 single crystal by annealing 
I The uneven distribution of the stress 
. birefringence In the whole crystal Is sharply 
reduced by the annealing process supported 
by simulation analysis, resulting in the 
auction of the total stress birefringence. 
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i: Fig. 10 Large size CaF 2 single crystals 
| produced by the developed technology 

These CaF* single crystals are expected to 
ii be applied In the field of next-generation 
I semiconductor lithography. 
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Partial Translation of Hitachi Chemicals Technical Report 

2.1 Generation of Polycrystallization 

A large-sized CaF 2 single crystal is generally grown by the Vacuum Bridgman 
Method. The Bridgman Method is a method of performing a single crystal growth, by 
generating a temperature distribution in which an upper part has a high temperature and 
a lower part has a low temperature in a furnace, melting raw materials by raising a 
crucible including them, and falling slowly so as to solidify a molten liquid in the 
crucible from the lower part to the upper part. The Bridgman Method has an advantage 
of manufacturing a large-sized and distortionless single crystal at a low price compared 
to the Czochralski Method which is another single crystal growth method 3) . On the 
contrary, in the Bridgman Method, since the single crystal grows while directly 
contacting with the crucible, impurities are interfused from the crucible to form crystal 
nuclei, to thereby cause such problem that crystals in various orientations are likely 
generated, whereby polycrystallization is easily proceeded 3) . Figure 1 illustrates a 
schematic view of a polycrystal generation, and generally, a polycrystal of CaF 2 single 
crystal is likely generated from a part contacting a crucible, that is to say, an outer 
circumferential part of the single crystal. From the foregoing, it is considered that a 
generation of a polycrystal nuclei is affected by a state of the surface of a crucible. 

[4] Development of a Low-stress Growth Technology 

In a lens usage of semiconductor lithography, a material with a good optical 
characteristic uniformity is required, hence method for reducing an internal stress, a 
distortion and a birefringence of GaF 2 single crystal is needed to realize a uniformity of 
refractivity. Generally, in a CaF 2 single crystal, an annealing treatment is required for a 
period of as long as one to two months, since the single crystal just after the crystal 
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growth has a larger inner stress, distortion, birefringence. Therefore, if the inner stress, 
etc, can be sufficiently reduced at the time of the single crystal growth, an improvement 
of quality after annealing can be expected in addition to shortening the annealing time. 
For that reason, a lower temperature gradient compared to the conventional high- 
efficiency growth furnace structure has been realized, and a low-stress growth of CaF 2 
single crystal has been experimented. Figure 8 illustrates a comparison of a result of 
assessing crossed-Nicol observation, birefringence distribution, etch bit density by 
fabricating the grown <100> orientation CaF 2 single crystal in a disc shape, to a result 
of the conventional high-efficiency growth. From Figure 8, it can be realized that the 
low-stress high-efficiency growth is improved in (i) becoming capable of reducing the 
high-stress (white) part in the crossed-Nicol observation result, (ii) becoming capable of 
reducing an average value of the birefringence to approximately 1/5 to 1/6, (iii) 
becoming capable of reducing one cipher of the etch bit density which is regarded to be 
generated by the existence of an internal stress, compared to the conventional high- 
efficiency growth. 
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